FOREWORD
Sulfur is one of the essential elements for plant and animal growth and reproduction. Usually it is designated as one of the secondary fertilizer nutrients in a system that classifies nitrogen, potassium, and phosphorus as primary fertilizer nutrients. Generally, it has not been found to be deficient for plant growth as frequently or to as serious a degree as for the latter three elements named. Percentage of sulfur in plant tissues for satisfactory nutrition is usually somewhat lower than for phosphorus.
The importance of sulfur in the nutrition of animals is related, in large part, to its presence in the sulfur-containing amino acids, which themselves are essential to animal growth and development and are synthesized by plants and rumen microorganisms, but not by monogastric animals. For animal nutrition it is important that each amino acid is supplied at adequate levels independent of the others. Different plant sources tend to vary in concentration of these amino acids; for example, soybean oil meal tends to be low in methionine.
Elemental sulfur and reduced sulfur compounds are readily oxidized by soil microorganisms. Hence, sulfur most commonly occurs in the form of the sulfate ion in solution or as the sulfate salt when precipitated in well-aerated soils. Under poorly aerated conditions sulfur compounds may be reduced with the formation of hydrogen sulfide, precipitated as metal sulfides, or may be deposited as elemental sulfur in or below the soil profile.
The management of sulfur supply in agricultural soils is complicated by these properties of the element. It is further complicated by the fact that fossil fuels frequently contain compounds of sulfur and, upon burning, oxides of sulfur are released into the atmosphere to be deposited often at significant distances from the source.
Sulfur in Agriculture seeks to elaborate the various aspects of sulfur to be considered from the plant agriculture point of view. It presents an authoritative summary of the present state of knowledge of sulfur and its availability for crop production as well as its importance in animal nutrition.
We express appreciation and gratitude to Dr. M. A. Tabatabai, editor, and his editorial committee, Drs. J. D. Beaton and R. L. Fox, for their important contributions leading to this publication. We acknowledge and thank the authors for their cooperation and efforts. We are grateful to the ASA Headquarters staff for their editorial and production efforts, which makes it possible to place this volume in your hands.
PREFACE
Sulfur in Agriculture provides an authoritative review of the principles governing the behavior of sulfur in production agriculture. This volume is published with hope that it marks a new era that will provide a better understanding of the many problems involved in sulfur reactions and transformations in soils and plants, its transport in the environment, and the importance of this element in plant and animal nutrition. The chapter titles were developed by the editor to cover the various aspects of sulfur as they relate to agricultural production. Authors were allowed considerable latitude in developing their topics. The chapter outlines were reviewed by the editor to eliminate duplications and to include topics essential for completion of the book. Specific reviews have been presented for each major component of the sulfur cycle.
The volume covers many facets of sulfur's role in agriculture, including chemistry, biochemistry, and microbiology of the cycle; biochemistry in plants; plant and animal nutrition; stable isotope abundance variations in nature; forms and reactions of organic and inorganic compounds in soils, sulfur in the atmosphere, precipitation and irrigation waters and its effects on soils and plants; sulfur deficiencies around the world; plant response to sulfur in different regions of North America and the tropics; use of sulfur compounds as soil amendments; measurement of sulfur in soils, plants, atmosphere, and waters; availability indexes; fertilizer sources and economics of fertilizer use; and world reserves of sulfur. The field of study is broad and has involved researchers working in many highly specialized areas. Because of the voluminous literature that has accumulated since the 1950s, an exhaustive coverage of the literature was not always possible and selection of references may often seem rather arbitrary. The editors and authors apologize for possible omission of important works.
The editorial committee expresses appreciation to the authors and the organizations they represent for cooperation and support. Acknowledgment is given to Richard C. Dinauer and other members of the ASA Headquarters staff for advice and assistance in editing and preparing the manuscripts for publication. 
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